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Abstract
The impact of information technology on productivity has been debated for two decades. While some studies
in the1980s found no contribution of IT to output, more recent studies have found a positive return to IT
investment in several industries. However, we have a limited understanding of industry differences in these
returns, in particular as to why productivity enhancements in the trade and service sectors, which are IT-
intensive, have been low. A few previous studies have reported the different impacts of IT on productivity across
industries. This paper aims at developing an in-depth understanding of why we witness different IT returns
across industries. In our analysis, we find that while the trade sector is more efficient than other industries, the
direct impact of IT is masked by the impact of competition on efficiency. This finding provides us with insight
not just into why we did not observe productivity gains in the service and trade sectors, but also provides
justification for the large IT investment in this sector.
We take several different paths to study the impacts of IT. First, we employ the concept of efficiency as an
alternative to productivity to capture the impact of IT. This approach allows us to examine the relative
contribution of IT and market structure to firms’ efficiency levels. Second, we explicitly incorporate market
structure under the behavioral assumptions of imperfect competition and profit maximization to characterize
IT returns. We find that a firm’s efficiency is negatively associated with market power while IT is seen to be
an enabler of efficiency gains as expected. Interestingly, firms tend to deploy more IT and utilize it better when
the market is more competitive. Taken together, our results suggest that market structure as well as IT are
strong determinants of efficiency gain. It also explains why IT has different observed impact across industries.
Keywords:  IT returns, productivity paradox, efficiency
Introduction
We are in a new era of competition, one that is faster paced, more global, and increasingly volatile, simultaneously requiring that
firms find new ways to differentiate themselves and to create value while relentlessly reducing costs. In such a competitive
business environment and given a widespread belief that information technology can provide productivity improvements and
competitive advantage, expenditures on IT have grown rapidly. IT capital accounts for 3.4  percent of the GDP in the United States
in 2003 and spending on IT investment peaked at almost half of all investment by American firms (Economist 2000). During the
1980s and the early 1990s, some studies found limited or no payoff from IT investments, raising the well-known issue of the “IT
productivity paradox.” Presently, most studies support the consensus view that IT contributes to output growth (Brynjolfsson and
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Hitt 2002; Jorgenson and Stiroh 2000).  Some studies even find evidence of excess return on IT investment (Gilchrist et al. 2001;
Lichtenberg 1995), implying that the business value of IT might be overestimated when market structure is not considered.
However, in almost all prior studies of IT productivity, the analysis assumes perfectly competitive markets which is, in our view,
a strong assumption. 
We adopt a different approach. We divide our data sample into meaningful industry groups such as durable manufacturing, non-
durable manufacturing, trade, and service, which enables us to eliminate industry heterogeneity, making our results more
conservative. Next, we explicitly consider market structure, which allows us to identify the different payoffs of IT across
industries. Further, we use a different measure of performance, IT efficiency. By incorporating market structure and using IT
efficiency as the outcome measure, we are able to separate the impact of industry heterogeneity. We find that both IT and market
structure are strong determinants of efficiency gains. 
The paper is organized as follows. The next section provides a brief literature review and motivates the study.  We then provide
analytical frameworks of how market structure and IT affect efficiency. We describe the data we use for analysis.  Empirical
results are provided.  The limitations and suggestions for further studies are presented.  The final section contains concluding
remarks.
Literature Review and Motivation
As IT use in business increases in scale and scope, it is important to analyze the impact of IT on the productivity and performance
of firms. The seemingly obvious yet elusive relation between IT investment and productivity has led to numerous articles and
papers, some of which support a significantly positive payoff of IT investments. The approach in IT productivity studies mainly
focuses on traditional relationships between IT investments and market value or productivity (see Bharadwaj et al. 1999;
Brynjolfsson and Hitt 2002).
Similarly, the impact of IT on aggregate economic growth has been the focus of economists (Jorgenson and Stiroh 2000). They
typically adopt a growth accounting approach to measure productivity relying mainly on neoclassical economic assumptions. This
approach predicts no multifactor productivity growth through IT investments since all input factors are paid their exact
contribution to marginal product. Moreover, in this view, all IT contribution is reflected through capital deepening and input
substitution. However, there is a consensus that IT has played a critical role in economic growth in some sectors such as the IT-
producing and the durable manufacturing sectors (Gilchrist et al. 2001; Stiroh 1998).  In particular, IT-intensive industries have
experienced dramatic productivity growth since 1995 (Stiroh 2002). These findings confirm that IT is a strong determinant of
productivity enhancement and economic growth. 
To date, most previous studies have focused on productivity to measure a firm’s performance. Productivity is represented as an
output to input ratio, which while indicative of performance may not capture some economic gains from IT. Industry-wide
competition may force firms to exploit IT for efficiency purposes while simultaneously lowering economic rents (Melville et al.
2004). Hay and Liu (1997) show that British manufacturing firms in more competitive environments have greater incentive to
invest to improve efficiency. However, operational efficiency gains in intermediate process levels may not be fully captured by
firms in terms of financial measures like profits (Barua et al. 1995; Hitt and Brynjolfsson 1996). McKinsey Global Institute (MGI)
(2001) finds that the remarkable success of Wal-Mart accelerated industry-wide IT adoption. In general, firms adopt new
technologies more rapidly as competitive pressure increases (Iacovou et al. 1995). In the strategy and industrial organizational
literatures, a number of studies examine the positive association between profits and industry concentration or entry barriers (Bain
1951; Green and Mayes 1991; Hill and Hansen 1991). Thomadakis (1988) shows that concentration increases expected excess
profits. Analogously, increased competitiveness raises industry-wide efficiency (Boone 2000; Porter 1990 ) while lowering firms’
profitability. Abnormal profits generally do not persist but, when they do, eventually erode over time in competitive markets
(Mueller 1986; Roberts 2001). In such cases, researchers would experience difficulties in estimating the productivity returns to
IT since a firm’s profits could be impacted by competition. As argued by Clemons (1991), IT may become a strategic necessity
rather than a competitive advantage due to competition, resulting in no gain in profits. Therefore, simple input and output
measures without consideration for market structure may not fully explain IT returns. We believe that it is worthwhile to explain
a different perspective for measuring IT returns. We investigate efficiency gains through IT deployment as a complementary
approach to productivity improvements.
In this paper, we incorporate market structure to estimate IT returns. In addition, we examine efficiency impacts as an alternative
to productivity, which gives us a different view of the phenomenon. 
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Analytical Framework
This section explains the concept of efficiency and then describes how IT and market structure affect efficiency. Finally, we
provide a brief explanation on how we build the model to estimate efficiency.
Efficiency and Productivity
Previous research has focused on productivity rather than on efficiency. While efficiency and productivity are closely related, they
are distinct concepts. It is worthwhile to clarify the distinctions. Firms are efficient when they achieve the maximum output that
can be produced for any given input vector and production technology (Kumbhakar and Lovell 2000). The difference between
maximum output and actual output is referred to as inefficiency. It is commonly recognized that firms will try to use the best
technology available and optimize the use of inputs in competitive environments (Primeaux 1977) resulting in efficiency gains.
Empirically we should observe industry-wide high efficiency levels as more firms get closer to the production frontier or to
industry leaders. On the other hand, productivity improvements result from both technical progress and efficiency gains (Fare et
al. 1994). We can show how efficiency is related to productivity as follows1:  First, an output distance function )),(( ttt yxDF
is defined at time t as 
(1) })/,(:min{),( tttttt SyxyxDF ∈= θθ
where xt is the input vector, yt is the output vector, and St is production technology, which consists of all feasible input/output
vectors for the given technology.
When 2 is equal to 1, a firm’s technology is on the production frontier, namely, its production is technically efficient. When 2
is less than 1, a firm can still expand output proportionally by the difference between 2 and 1.  Therefore, 2 reflects how efficiently
a firm uses inputs to produce output y at time t. Then, productivity change is defined and decomposed into efficiency and
technology change as 
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The first term on the right hand side of equation (2) is the efficiency change between the two periods. Since a firm uses xt (xt+1)
to produce yt (yt+1) using extant technology, the difference in the distance function between numerator and denominator reflects
how efficiently a firm uses input resources in each period. The second term implies that a firm uses the same amount of inputs
and produces the same outputs in period t and t+1. Therefore, if there is no technological change between time t and t+1, the
distance from the production frontier is the same for both periods.  In the case of technological change, the second term is greater
(less) than 1 and indicates technological progress (deterioration). Therefore, efficiency gains are positively associated with
productivity improvements while improved productivity may not necessarily result from efficiency gain. In sum, productivity is
the more comprehensive concept and is measured by the input and output ratio while efficiency reflects efficient use of input
resources and best practice in real business. 
IT, Market Structure, and Economic Efficiency
Does IT Affect Efficiency?
The rapid IT price decline has driven rapid proliferation of IT (Gurbaxani and Mendelson 1990). This increased use implies that
IT has either a relatively larger marginal product or smaller marginal cost. By substituting the relatively cheap input, IT, for other
capital and labor, firms can achieve the maximum output level with the same investment. The best mix of input resources with
increased use of IT should result in efficiency gains as well as labor productivity improvement. 
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Does Market Structure Affect Efficiency?
A number of studies examine the positive impact of competition on efficiency (Caves and Barton 1990), finding that efficiency
is a decreasing function of concentration. Vickers (1995) describes an entry model with Cournot competition where a low cost
entrant will drive some high cost incumbents out of the market. That is, market pressure and competition allow only low-cost firms
to survive, leading to economy-wide efficiency. The impact of competition on efficiency can also be interpreted in terms of the
structure-conduct-performance framework. Bain (1951) shows a positive correlation between firm performance and concentration
using 42 U.S. industries. High concentration within an industry implies that a few firms have market power and attempt to exercise
their power to gain abnormal returns. Gilbert (1984) finds evidence in the banking industry that market concentration is positively
related to corporate profits and possibly negatively associated with efficiency. 
Some studies have examined the role of competition as a way to reduce managerial slack (Hart 1983; Winter 1971). These studies
formally model how competition provides more incentives for managers to make their best effort. Limited information or conflict
between the owner and managers may result in adoption of inefficient technology but competition eventually encourages
investment in the best technology, leading to industry-wide efficiency (Winter 1971). Hart (1983) compares the cases when firms
face a competitive market and when a firm enjoys monopolistic rents. He shows that managerial slack is lower when the degree
of competition is high. This is in line with the well-known X-inefficiency theory in that less competitive pressure allows
opportunistic behavior by managers so that overall efficiency declines (Primeaux 1977). However, a firm’s performance is more
sensitive to management effort when the product market is competitive enabling the owner to recognize whether poor performance
is from managerial slack or other industry-wide shocks (Willig 1987). Therefore, competitive pressure is viewed as a mechanism
that reduces possible inefficiency. Taken together, competition provides considerable pressure inducing firms to do their best to
minimize cost or achieve maximum efficiency. A number of studies from various perspectives have stated the importance of
competition as a way to boost efficiency or productivity. However, the MIS community has mostly been silent on this issue. As
an extension of previous findings, we expect that market structure variables like competition make firms more efficient.
Modeling Efficiency Using a Stochastic Frontier
Since Farrell (1957) suggested a means by which to consider efficiency, much effort has been made to estimate efficiency levels
under various circumstances. These approaches can be divided into two general categories. The first approach is adapted from
a nonparametric technique, called data envelopment analysis (DEA). DEA methodology has an advantage in that it does not
require a specific functional form and does not impose any distributional assumptions. However, DEA cannot reflect economic
fluctuations which may be captured with a stochastic distribution. These fluctuations may be caused by recession, bad weather,
etc.  On the other hand, a stochastic frontier function captures economic fluctuation as well as efficiency levels by imposing
distributional assumptions. 
After the pioneering work of Aigner et al. (1977), a number of studies have attempted to apply the stochastic frontier function
approach to examine economic efficiency in various fields. For instance, in the banking industry, Kaparakis et al. (1994) apply
a flexible stochastic frontier function to estimate short run cost inefficiency. Beyond simple estimation of efficiency, many studies
link estimated efficiency levels with firm-specific variables. Pitt and Lee (1981) investigate the source of inefficiency in the
Indonesian weaving industry, estimating the stochastic frontier model with panel data. In order to relate firm-level efficiency to
firm-specific variables, it seems to be attractive to adopt a two-stage approach, first estimating each firm’s efficiency level and
then examining firm-specific factors. However, the two-stage estimation method does not provide an efficient estimator
(Kumbhakar et al. 1991). More importantly, it faces a conflict in assumptions between the first and second stages. In this
framework, the first stage assumes that expectations of efficiency terms are constant but that they vary with other factors that
affect efficiency in the second stage. This implicit contradiction between estimation procedures requires us to combine the two
equations. Kumbhakar et al. (1991) explicitly allow technical efficiency to be a function of firm-specific characteristics.  Battese
and Coelli (1995) extend it for use with panel data. Therefore, we follow Battese and Coelli whose model allows panel data as
well as simultaneous estimation of efficiency level and firm or industry specific factors which may influence the efficiency of
firms. 
We construct the stochastic frontier model for panel data as follows: 
yit = f(Kit, Itit, Lit)exp(vit – uit)
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where for firm i in period t, Kit, Itit, and Lit are non-IT, IT capital and labor, respectively and yu is output; yit = f(Kit, Itit, Lit)exp(vit)
is the stochastic production frontier; vit are random variables which are assumed to be i.i.d. ; uit are non-negative random),0(
2
vN σ
variables which are distributed as truncated normal distribution at zero .  We further assume, consistent with previous),( 2uitmN σ
productivity research, that f(Kit, Itit, Lit) is Cobb-Douglas.
Taking the natural log of both sides, we get 
 (3)itititititit uvLITKy −++++= lnlnlnln 3210 αααα
We specify the efficiency level, –uit as follows:
(4)ititit wZu +⋅=− δ
where Zit is a column vector consisting of factors that may affect the efficiency level and wit is an error term which is assumed
to follow i.i.d. .),0( 2wN σ
The error term vit the random noise and uit captures the effect of inefficiency arising from managerial slack, less competitive
environments, and so on. The efficiency level of an individual firm ranges between 0 and 1 and is defined as
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where yit is actual output, and is potential output when a firm is efficient.  If uit is equal to 0, it indicates that a firm’s
*
ity
technology is at the frontier level which provides the maximum output level for its level of inputs.
Data
The data for our study are obtained from Compustat and Computer Intelligence InfoCorp (CII). We use Compustat to get financial
information on sales, labor, and non-IT capital. The CII database consists of IT investment data from Fortune 1000 firms, implying
that sample data are from large companies. 
We categorize industry at the two-digit SIC level. We use two-digit SIC industry level deflators from BEA for output price. Since
CII redefines IT capital after 1995, for purposes of data consistency we only consider a sample period until 1994. Our dataset,
therefore, covers a sample period from 1987 to 1994.  For our analysis, we discard observations when any input or output
variables are missing in our dataset. We finally have 3,304 observations in our sample which are from durable, non-durable, trade,2
and service industries. Remaining industries such as mining and construction are combined into a miscellaneous industry category.
Since every industry has its own characteristics and faces a different competitive environment, we divide the sample into durable,
non-durable, trade, service and other miscellaneous sectors (Gilchrist et al. 2001 Gordon 2000; Stiroh 1998).
We measure the degree of competition using the concept of mark-up ratio, defined as the output price divided by marginal cost.
Hall (1988, p. 945) suggests that mark-up ratio (:) may be a good measure of market power. According to Hall, 
marginal cost is literally the increase in the cost of inputs needed to produce added output. That increase is
small, so marginal cost is small. When it is compared to price, a large gap could be found in some industries.
The most obvious explanation of the finding of price far in excess of marginal cost is market power in the
product market. 
Chang & Gurbaxani/The Role of IT & Market Structure as Determinants of Efficiency
854 2004 — Twenty-Fifth International Conference on Information Systems
Table 1.  Mark-up Ratio (P/MC)
All (N=3304) 1.175
Durable (N=1276) 1.157
Non-Durable (N=1457) 1.194
Trade (N=323) 1.092
Service (N=78) 1.256
Miscellaneous (N=170) 1.265
We adopt Hall’s approach to construct the mark-up ratio (see Table 1).  However, direct application is not possible since the rate
of technical progress is unknown. Ignoring technical progress may lead to a negative mark-up ratio in some cases which makes
interpretation difficult. Considering that current IT has developed at such a fast pace, one year may be long enough to approximate
marginal cost by average variable cost.  From a practical point of view, it is not unusual to use average cost as a surrogate of
marginal cost and it is considered to be a reasonable approximation to marginal cost (Scherer 1980). In this paper, we compute
mark-up ratio using observed values, lessening measurement error. We compute mark-up ratio as the ratio of the sum of the cost
of goods sold and sales, general, and administrative expenses to the revenues of a firm. 
Empirical Analysis
Estimation of Technical Efficiency
We estimate efficiency using stochastic frontier function analysis. We first estimate equations (3) and (4) simultaneously using
the maximum likelihood method and obtain an estimate of technical efficiency for each industry. We perform a log-likelihood
test to verify that technical efficiency is a significant explanatory factor in the model (see Table 2). If the null hypothesis is true
then the log-likelihood test statistic approximately follows a mixed Chi-square distribution (Battese and Coelli 1995). The null
hypothesis that efficiency factors have no effect in the model is rejected at the 1 percent significance level across all the sample
splits except in the case of the services. This shows that our model is reasonably specified.
The variance ratio (() is around or over 50 percent (see Table 3) in all cases except services, implying that a significant portion
of variation is captured by efficiency factors. It also supports the argument that firm-specific characteristics, which we discuss
later, successfully explain the efficiency variation among firms. 
Our estimates of average technical efficiency suggest that firms in the trade sector are closest to the production frontier (see
Table 4). This implies that a large portion of firms within the industry achieve nearly maximum output for their level of input
utilization. Our dataset also shows the least market power in the trade sector, consistent with our argument of positive impact of
increased competition on efficiency. With the exception of services, where the sample size is small, other sectors also display a
consistent pattern. 
Table 2. Statistics for Tests of Null Hypotheses H0: ( = Zit = 0
Log-Likelihood Function Test Statistics
All -732.41 299.14**
Durable -21.36 176.87**
Non-durable -382.19 107.08**
Trade 132.96 175.93**
Service 144.56 5.71*
*p < 0.1; **p < 0.01; ( is variance ratio;  Zit is the factors that affect the efficiency
Chang & Gurbaxani/The Role of IT & Market Structure as Determinants of Efficiency
2004 — Twenty-Fifth International Conference on Information Systems 855
Table 3. Variance Ratio ( ) for Each Group22
2
vu
u
σσ
σγ
+
=
Coeff Std T
All 0.614 0.026 23.18*
Durable 0.792 0.024 33.71*
Non-Durable 0.620 0.036 17.01*
Trade 0.475 0.084 5.63*
Service 0.294 0.213 1.37
*p < 0.01
Table 4.  Average Technical Efficiency
All 0.777
Durable 0.741
Non-Durable 0.709
Trade 0.817
Service 0.784
Estimation of Determinants for Efficiency Level
As a result of the simultaneous estimation of the production function (eq. 3) and the efficiency function (eq. 4), we obtain factors
that may affect the level of efficiency (–uit).  Earlier, we discussed the role of market structure in explaining mismanagement or
managerial slack. We interpret the deviation of optimal input substitution as a signal of mismanagement or managerial slack. A
profit maximizing firm equates the technical rate of substitution (TRS) to the relative price of inputs. For instance, the ratio of
the marginal product of IT and labor should equal the price ratio of IT to labor, rIT.w, if a firm optimizes the level of inputs to
maximize profits or minimize cost. When a market is not perfectly competitive, firms tend to produce less since they only produce
until marginal product equals the price ratio of each input adjusted by the mark-up ratio (fi = :(ri/p)). Therefore, while market
power directly affects the level of output, it does not affect the relative share of input resources. Firms in an imperfectly
competitive market also maximize profits by equating TRS to the relative input price ratio ( ), which
j
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ji r
r
p
r
p
rff == )/()(/ µµ
is the same as under the competitive market condition. Therefore, deviation from the optimal mix of inputs (misallocation) results
directly from mismanagement which, we argue, is caused in part by market power. Brynjolfsson (1993) states that mismanagement
is one major reason for the productivity paradox. As we discussed earlier, market power reduces management discipline, and
results in misallocation of inputs or managerial slack. We recognize that there are other possible sources such as regulation or
adjustment costs that may also affect the level of efficiency. However, we suggest that misallocation, driven by market power,
captures substantial parts of the efficiency loss. The highly significant variance ratio for efficiency terms in Table 3 supports our
argument. To empirically determine whether a firm utilizes the best mix of inputs, the derived theoretical values of TRS are
compared with observed values. In practice, the steep price decline of IT drives massive IT investment, possibly encouraging firms
to deploy more IT as a way of optimizing production processes.
We have the following three equations to measure the deviation from optimal input mix for production.
(5) , Ks
Ls
w
rD
L
kK
LK −=
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where rk, rIT are prices of each input (ordinary capital, IT capital, and labor) and si represents factor ratio for input i. 
We define Di,j as the deviation from the optimal allocation where the subscripts are the two inputs. We do not have any prior
reason to assume that managers prefer one type of input over others so that they tend to allocate more of the preferred input when
they have the opportunity. Rather, economic theory predicts that for profit maximizing firms, market power should affect all three
input resources simultaneously, which causes a multicollinearity problem in our estimation. Therefore, we cannot include all three
equations in our specification. Each equation is a candidate to be a proxy for mismanagement. We choose misallocation between
IT and labor (eq. 6) for the following reasons. Capital deepening is mentioned as the major method by which IT is deployed in
production (Stiroh 2001). This suggests that IT capital to labor ratio is the primary means in which slack will be manifested.
Finally, as stated before, we have seen illustrative evidence that IT improves firm performance. IT capital deepening may allow
employees to work more efficiently and productively by automating routine work, streamlining decision processes or facilitating
communication across organizations. Accordingly, we specify our efficiency terms as a function of IT intensity (IT/L) as well
as the deviation from optimal input allocation. Then Zi,t in equation (4) is specified as (IT intensity, DIT,K).
In general, misallocation, as a surrogate for market power (see Table 5), has a negative impact, lowering efficiency for every group
as expected, while the overall impact of IT intensity on efficiency is mixed. IT intensity is significantly associated with efficiency
in the full sample and in the non-durable sector. In non-durable manufacturing, IT intensity is an important factor in efficiency
gain, significant at the 1 percent level. Market power hinders a firm’s efficiency in this sector and is significant at the 10 percent
level. Note that even though the overall efficiency level is low (0.709 in Table 4), the non-durable sector is significantly impacted
by IT investments. 
When we examine the trade sector, the insignificant coefficient of IT intensity seems to suggest that IT fails to enhance efficiency.
However, our results shed light on a new feature of IT impacts. Namely, competitive pressure actually encourages firms to exploit
IT. Competitive pressure in the retail trade industry has motivated retailers to adopt IT and best practices from industry leaders
Table 5.  Effects of IT and Market Power Affecting Efficiency Levels
All Durable
Coeff Std T Coeff Std T
IT intensity 0.685 0.326 2.10** 0.192 0.26 0.74
DIT,L -0.012 0.001 -13.51** -0.003 0.001 -2.64**
Non-Durable Trade
Coeff Std T Coeff Std T
IT intensity 5.122 0.915 5.60** 0.128 0.47 0.27
DIT,L -0.007 0.004 -1.67* -0.014 0.001 -9.66**
Service
Coeff Std T
IT intensity 0.447 0.466 0.96
DIT,L -0.038 0.019 -2.02**
*p < 0.1; **p < 0.01
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Table 6.  IT Intensity by Market Power
High Market Power Low Market Power
All 1.9% (N=1258) 2.4% (N=2046)
Durable 2.1% (N=463) 2.9% (N=813)
Non-Durable 1.6% (N=601) 1.7% (N=856)
Trade 2.8%(N=105) 2.1%(N=218)
Service 5.0%(N=33) 5.6%(N=45)
such as Wal-Mart (MGI 2001). In short, competition forces firms to adopt best practices or technologies as much as possible.
Industry-wide high efficiency but seemingly less IT contribution to efficiency, indicates that many firms are using similar
technologies and the payoff from IT may be transferred to the consumer due to competition. Competition allows only efficient
firms to stay in the market, making the overall industry efficient. For empirics, those followers who emulate best practices from
industry leaders dominate the sample space. That is, there are a small number of outstanding industry leaders and many followers
who try to mimic best technologies masking impacts of IT on efficiency and leading to industry-wide high efficiency.
Unfortunately, our econometric technique is not able to measure the performance of the firms that demonstrate innovative and
outstanding IT-use. However, in general, there is no argument that large competitive pressure leads to industry-wide efficiency
gains. 
Analysis of Sample Split
In this subsection, we highlight the impact of the degree of competition on efficiency. We divide our sample into two groups
within each sector: high market power (above average) and low market power (below average).3  The average mark-up ratio in
the low market power group is 1.105 and its counterpart is 1.289. Overall, IT intensity is 2.4 percent and 1.9 percent respectively
(see Table 6). However, the respective IT intensities in the trade industry are not consistent with our expectation. This might be
a signal that IT use is already widespread within the industry without regard for market power. In the R&D context, we see a
similar pattern, where research and development investments increase with rivals’ investments (Grabowski and Baxter 1973).
Similarly, competitiveness could lead to widespread IT adoption at the industry level. 
Next, we attempt to see whether competition plays a critical role in efficiency levels and IT returns. When we split our industry
sectors by degree of competition, the role of competition becomes more apparent (see Table 7). Consistent with previous research
(Boone 2000; Iacovou et al. 1995; Melville et al. 2004), our results show that IT intensity does increase the efficiency level but
only when firms face a relatively competitive market (low market power) within the same industry, except in the trade sector. The
finding that IT intensity is greater in the low market power group is consistent with firms aggressively substituting IT for other
capital when a market is competitive. Firms will achieve the best mix of input resources by deploying more IT since the price
decline of IT is much steeper than other forms of capital over the sample period. Optimal allocation of inputs results in higher
IT pay off and leads to industry-wide efficiency. The IT intensity coefficient becomes significant at the 1 percent level for durable
and non-durable manufacturing and at the 10 percent level for the service industry only when the market is relatively competitive.
This finding emphasizes the importance of market structure as a significant determinant of differential IT impacts. IT begins to
play a substantial role in efficiency gain when firms face significant competitive pressure. Our analysis shows that competitive
pressure reduces managerial slack and forces better utilization of IT. Therefore, we conclude that a significant portion of IT return
is affected by market structure, a finding which has rarely been examined in the MIS literature.4
 
The IT intensity coefficient is insignificant in the trade sector under both high and low market power. This is consistent with our
expectation that there would be no measurable IT contribution to efficiency when the degree of competition is high and when most
firms in the same industry have adopted similar levels of IT. That is, when technologies are similar (Teece et al. 1997) or ubiqui-
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Table 7.  Effects of IT and Market Power on Efficiency Levels
(by Degree of competition)
High Market Power Low Market Power
Coeff Std T Coeff Std T
All IT intensity 0.569 0.244 2.33** 0.45 0.205 2.19**
DIT,L -0.028 0.008 -3.48** -0.06 0.006 -10.07**
Durable IT intensity 0.079 0.878 0.09 0.464 0.031 14.82**
DIT,L -0.001 0.005 -0.31 -0.003 0.001 -3.25**
Non-Durable IT intensity -1.153 0.862 -1.34 2.49 1.128 2.21**
DIT,L -0.036 0.009 -3.85** -0.001 0.004 -0.34
Trade IT intensity 0.152 0.385 0.39 0.904 0.759 1.19
DIT,L -0.01 0.002 -5.78** -0.011 0.002 -6.13**
Service IT intensity -0.878 0.796 -1.1 1.363 0.833 1.65*
DIT,L -0.044 0.017 -2.56** 0.045 0.041 1.11
   *p < 0.1; **p < 0.01
tous (Carr 2003), they cannot provide competitive advantage. However, IT can still play a critical role in delivering efficiency
gains at the process or intermediate levels (Barua et al. 1995) even after IT is widely adopted. The highest average efficiency level
is observed in the trade sector (see table 4) and reflects the contribution of widespread IT adoption. However, IT-enabled business
value may be invisible due to the effects of competition (see Table 7).  Moreover, efficiency and labor productivity are highly
correlated in the trade sector (0.570 at the 99 percent leevel), further reinforcing the notion that IT contributes significantly to
output.  By incorporating market structure in the analysis, it becomes clear why IT contribution may be invisible in some
industries. To summarize, firms tend to invest more in IT and exploit it better in more competitive settings. 
Endogeneity Problem
In the previous section, we saw that firms facing higher competitive pressure tend to deploy IT more, thereby achieving higher
efficiency levels. However, this gives rise to the problem of endogenous input resources for estimation purposes. It is commonly
believed that input factors are determined simultaneously since firms optimize their input mix to achieve maximal profits. The
straightforward way to reconcile the problem is to introduce a system of equations so that inputs like IT, non-IT, and labor are
determined endogenously through first order conditions of profit maximization. Systems of equations allow us to estimate all input
factors as well as output simultaneously. However, economic fluctuations and uncertainty may lead firms to maximize expected
profits instead of assuming deterministic profit maximization. We address endogeneity by modifying Zellner et al.’s (1966)
approach, which proved that even the single equation methodology does not lead to biased estimators when firms’ decisions are
based on a stochastic world rather than on a deterministic world in a perfectly competitive market. However, their framework does
not apply exactly since we allow imperfect competition. We apply and extend their findings when the price of output is dependent
on output quantity. 
The expected profit function with Cobb-Douglas production technologies is defined as5
(8)
ITrwLKreITLAKYpEE ITk −−−=Π ))(()(
εγβα
where ε = v - u
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First order conditions for inputs easily show that they are independent of  ε when they are expressed in reduced form. Therefore,
we can express the reduced form of input factors without error terms shown in the profit function.
(9)321 )except   variablesall(;)except   variablesall(;)except   variablesall( ηεηεηε +=+=+= fITfLfK
That is, K, L,and IT are independent of ε, avoiding simultaneity bias arising from endogeneity of input factors.  01, 02, and 03 are
random differences which should disappear in a deterministic function. More importantly, the error term v reflects economic
fluctuation, bad weather and the like while u  captures inefficiency caused by market power. Since 01, 02, and 03  are for
adjustment of human error, we have no prior reason to link acts of nature (v) with human errors (01, 02, 03 ).  However, it is
obvious that output price p is dependent on ε since it is a function of industry level output Y = . This requires us to∑i iy
introduce efficiency terms (–u). As a result, the system of equations is reduced to the production function and efficiency terms
related to market power.
Limitations and Further Research
It is worthwhile to address the limitations of our research. First, firm-level data are from very large firms (Fortune 1000 firms).
IT’s contribution may be overestimated since firms that take advantage of IT very successfully are more likely to be represented
in the dataset. Besides IT and market structure as determinants for efficiency, we may have omitted other factors such as
regulation that might affect efficiency across industries. 
In future research, it may be useful to investigate whether IT functions as a general-purpose technology under the framework of
new-growth models (see Romer 1986). Theoretically, the role of IT beyond its use as a production technology has been
emphasized previously (Gurbaxani and Whang 1991), and excess IT returns have been reported (Brynjolfsson and Hitt 2002).
Since the endogenous growth model internalizes technical progress and knowledge spillover such as better management
techniques or decision making, we can expect a more in-depth understanding of how IT affects productivity and efficiency. 
Conclusion
The paper explains how market structure and IT affect a firm’s efficiency. First, IT intensity has been a strong enabler of
efficiency while market power induces managerial slack, thereby reducing industry-wide efficiency. In general, market power
allows opportunistic behavior for managers so that industry-wide efficiency goes down when a few firms can exercise market
power. To directly test the influence of market power, we introduce managerial slack or misallocation derived from the behavioral
assumptions of profit maximizing firms. This approach gives us theoretically tighter empirical evidence.
Our results broadly support the notion that IT intensity and competitive pressure are important determinants of efficiency. Further,
analysis of our sample splits, based on the magnitude of market power, shows that firms tend to spend more money on IT and
are more efficient as a result when the product market is relatively competitive, suggesting a better mix of inputs and quick
adoption of best practices. Firms in competitive markets become more efficient and exploit IT more successfully. 
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